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ABSTRACT
We derive the specific baryonic angular momentum of five gas rich dwarf galaxies
from HI kinematics complemented by stellar mass profiles. Since the gas mass of these
galaxies is much larger than the stellar mass, the angular momentum can be deter-
mined with relatively little uncertainty arising from the uncertainties in the stellar
mass to light ratio. We compare the relation between the specific baryonic angular
momentum (j) and the total baryonic mass (M) for these galaxies with that found for
spiral galaxies. Our combined sample explores the j-M plane over 3 orders of magni-
tude in baryon mass. We find that our sample dwarf have significantly higher specific
angular momentum than expected from the relation found for spiral galaxies. The
probability that these gas rich dwarf galaxies follow the same relation as spirals is
found to be < 10−6. This implies a difference in the evolution of angular momentum
in these galaxies compared to larger ones. We suggest that this difference could arise
due to one or more of the following : a lower baryon fraction in dwarf galaxies, par-
ticularly that arising from preferential outflows low angular momentum gas as found
in high resolution simulations that include baryonic feedback; ”cold mode” anisotropic
accretion from cosmic filaments. Our work reinforces the importance of the j-M plane
in understanding the evolution of galaxies.
Key words: galaxies: dwarf – galaxies: fundamental parameters – galaxies: kinemat-
ics and dynamics
1 INTRODUCTION
The mass and angular momentum of galaxies depend on
their evolutionary history. Angular momentum is thought to
have originated from tidal torquing in the primordial uni-
verse when proto-galaxies were collapsing (Peebles 1969).
In hierarchical galaxy formation models, mergers play an
important role. The mass and angular momentum evolu-
tion also depends on the merger history (’major’ vs ’minor’
mergers; ’wet’ vs ’dry’ mergers, ’cold’ accretion etc). Finally,
angular momentum is also correlated with the morphology.
Systems with high angular momentum have thin disks while
those with low angular momentum have bulges.
Since the angular momentum (J) depends on mass (M),
it is useful to talk of the angular momentum per unit mass or
the specific angular momentum defined as j = J/M . The de-
pendence of this quantity (j) on the total mass of the galaxy
was first studied observationally by Fall (1983) where he
examined the location of spirals and ellipticals on the j-M
plane. For both types, j was found to have a power law de-
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pendence on M : j = qMα with the power law index α ≈ 2/3.
However, the scale factor q was found to be significantly
lower in ellipticals indicating severe loss of angular momen-
tum as they evolved. This work was further expanded by
Romanowsky & Fall (2012) and Fall & Romanowsky (2013)
in which a larger sample was looked at and it further rein-
forced the dependence of the mass-angular momentum re-
lation on the Hubble type of the galaxy. They concluded
that for a fixed mass, the Hubble type is a function of the
specific angular momentum. Both of these studies derived
the angular momentum from velocity width measurements
and assumed a specific form for the rotation curve of the
galaxies.
Obreschkow & Glazebrook (2014) explored the j-M re-
lation using kinematics of 16 spiral galaxies derived from the
THINGS survey (Walter et al. 2008). Instead of assuming a
specific velocity curve, these authors performed an integra-
tion of dJ over the galactic disk to find the total angular
momentum J. They also quantified the morphological de-
pendence of the j-M relation via bulge fraction (β) and found
a tight correlation between the specific baryon angular mo-
mentum (jb), the mass (Mb) and the bulge fraction (β).
The j-M correlation can be qualitatively understood
in CDM models where the angular momentum originates
c© 2015 The Authors
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from tidal torquing in the early universe and is con-
served to different extents in different evolution scenar-
ios (Romanowsky & Fall 2012). This argument is now sup-
ported by results from N-body simulations that incorpo-
rate baryon feedback (Teklu et al. 2015; Genel et al. 2015).
Without feedback, the angular momentum content pro-
duced in hydrodynamic N-body cosmological simulations
is easily lost resulting in production of more bulge galax-
ies than observed (Navarro & Steinmetz 2000; Stinson et al.
2010). High resolution simulations indicate that feedback
leads to outflows that preferentially remove low angular
momentum material from the disk (Governato et al. 2010;
Brook et al. 2011). The efficiency of such processes natu-
rally depends on the extent of dominance of feedback in the
galaxy (Zjupa & Springel 2016).
The angular momentum content of dwarfs have been
looked at by van den Bosch et al. (2001) in connection to
the distribution of specific angular momentum in such galax-
ies and how they compare to predictions from N-body hy-
drodyamic simulations. The angular momentum content of
dwarfs with respect to their location on the j-M plane has
remain unexplored. They play an important role in the hier-
archical formation scenario where such dwarf galaxies merge
to form larger galaxies. Their angular momentum content
will provide insights into how it is retained in such an evo-
lutionary scenario and the role of supernovae feedback in
doing so.
In this paper we look at the angular momentum content
of a subclass of such dwarf galaxies which are very gas rich.
The measurement of mass and angular momentum of these
galaxies would be negligibly affected by uncertainties in the
stellar mass-to-light ratio. We analyse the region in the j-
M-β space which they occupy and how it compares to the
correlation obtained by Obreschkow & Glazebrook (2014).
In section 2 we describe the galaxies analysed. Section 3
elaborates how the data were analysed to compute the total
baryonc mass and the specific baryon angular momentum. In
section 4 we discuss the angular momentum content of these
galaxies with respect to the j-M-β correlation. We interpret
these results in 5 and discuss why these dwarfs occupy a
different region in the j-M plane. Finally we conclude in
section 6 and summarize the results obtained.
2 SAMPLE
Our sample consists of all the known gas rich dwarf galax-
ies in the local universe with HI to stellar mass ratio greater
than 8 for which high quality interferometric data are avail-
able. These galaxies, along with the telescopes used for the
HI observations, are listed in Table 2. The baryonic masses
of these galaxies (along with other derived parameters) are
listed in Table 3.1. As can be seen, all these galaxies have
baryonic mass below 109M⊙ and enables us to look at pre-
viously unexplored regions on the j-M plane.
3 DATA ANALYSIS
The interferometric data was flagged and calibrated in
the Common Astronomy Software Applications (CASA,
Galaxy Telescope Distance (Mpc) Mgas/M∗
DDO 154 VLA 4.04 ± 0.03 51
DDO 133 VLA 5.11 ± 0.09 23
NGC 3741 WSRT 3.24 ± 0.05 41
UGCA 292 GMRT 3.77 ± 0.06 8
ANDROMEDA IV GMRT 7.18 ± 0.14 14
Table 1. List of galaxies that were analysed and their gas to
stellar mass fraction. The masses used to derive the fraction are
from this paper. The distances measurements, using fits to the tip
of red giant branch (TRGB), are from Cosmicflows-2 (Tully et al.
2013), except DDO 154 which was derived in Jacobs et al. (2009).
Shaw et al. (2007)) package using standard procedure. Sub-
sequent continuum subtraction and imaging were done using
the same package. The integrated HI intensity maps (mo-
ment0) along with the velocity field (moment 1) for the
galaxies are shown in Appendix A .
We used the Fully Automated TiRiFiC (FAT) pipeline
developed by Kamphuis et al. (2015) to fit these data cubes
to tilted ring models. The pipeline uses TiRiFiC (Jo´zsa et al.
2007) to do a three dimensional fit to the data cube and is
different from a traditional two dimensional tilted ring fit
to the velocity field. The program provides the best fit HI
surface brightness distribution as well as the rotation curve
for each galaxy. These derived profiles are given in Appendix
A.
Estimating the error on the best fit parameters from
titled ring fits is non trivial. Traditionally either the veloc-
ity residual along a ring or the asymmetry between the ap-
proaching and receding side has been used a measure of un-
certainty. In this paper we take the velocity residual along
each ring as a pseudo-1sigma error on the rotational veloc-
ity. The residual velocity along a ring was calculated using
the following relation:
σv(r) =
√∑r+∆r
r (vmodel − vdata)
2
sin i(r)
where ∆r is the width of the ring at radius r; i(r) is the
inclination of the same; vmodel and vdata are calculated from
the mom 1 map of the model and the data respectively.
The uncertainty thus defined is a measure of the modelling
residual along each ring. We similarly define psuedo-1sigma
uncertainties for surface brightness (SBR) at each radii:
σSBR(r) = cos i(r)
√√√√r+∆r∑
r
(SBRmodel − SBRdata)2
where SBRmodel and SBRdata are calculated from the mom
0 map of the model and the data respectively. Along with
the residual error we also include a 10% flux calibration er-
ror in the surface brightness profile. We note that while the
errors thus defined are not formal errors, they include er-
rors from other parameters such inclination, position angle
and central velocity and thus will tend to overestimate the
physical errors.
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3.1 Computation of Angular Momentum and
Mass
The computation of the total baryon angular momentum
and total mass requires (i) the surface density profile of gas
(ii) the surface density profile of stellar mass (iii) the rota-
tion curve. The molecular gas content in dwarf galaxies have
been observed to be small (Taylor et al. 1998; Cormier et al.
2014). We thus neglect H2 masses and obtain the distribu-
tion of gas from the HI surface brightness profile using a con-
stant HI to Helium conversion ratio. From the measurements
of Helium abundance in the local universe by Izotov et al.
(2014) we take
MHI +MHe
MHI
= 1.342 ± 0.004
Given the high gas to stellar mass ratio in our sam-
ple the steller mass distribution does not play a critical role
in determining the total baryon angular momentum of the
galaxy. In this work we use exponential fit parameters for the
stellar mass distribution derived in the published literature
to calculate the angular momentum and mass contained in
stars. For DDO 154, DDO 133 and UGCA 292 we use the ex-
ponential fits derived from IRAC 3.6µm images in Oh et al.
(2015). Similar I-band derived parameters for Andromeda
IV were obtained from Karachentsev et al. (2016). And the
fit parameters for NGC 3741 was taken from Begum et al.
(2005, 2008). All measurements of stellar scale length and
mass from literature were corrected for difference in adopted
distance. We note that the heterogeneity of mass to light ra-
tio will have minimal effect given that the stellar mass makes
up for less than 10% of the total baryon mass in our samples.
The total baryon mass (Mb) and the total angular mo-
mentum perpendicular to the disk (Jb) were computed by
numerically evaluating the following integrals:
J(R) =
∫ R
0
dr 2pir Σb(r) v(r)cos {δi(r)} r (1)
M(R) =
∫ R
0
dr 2pir Σb(r) (2)
In equation (1), δi(r) is the difference in inclination with
respect to the central disk inclination. The total baryon mass
and angular momentum within radius R as a function of R
can be found in Appendix A. Table 3.1 lists the total mass
and the angular momentum for stars and gas along with
the error on these quantities. The same table also lists the
baryonic specific angular momentum defined as jb = Jb/Mb.
4 LOCATION OF GAS RICH DWARFS IN THE
J −M − β RELATION
4.1 j-M-β for Spiral Galaxies
Obreschkow & Glazebrook (2014) analysed 16 spiral galax-
ies from the THINGS sample (Walter et al. 2008) and
showed that the logarithm of mass (Mb), the logarithm of
specific angular momentum (jb) and the bulge fraction (β)
are tightly correlated and lie in a plane in the j-M-β space.
lg M
M
◦
7.5
8.0
8.5
9.0
9.5
10.0
10.5
11.0
11.5
lg
j
pcKm/s
1.0
1.5
2.0
2.5
3.0
3.5
β
−0.4
−0.2
0.0
0.2
0.4
0.6
0.8
1.0
THINGS spirals from Obrescchkow & Glazebrook (2014)
Gas rich dwarfs
95% confidence surfaces
Figure 1. A view of the j-M-β space. The figure shows the mean
plane (given by equations 3 & 5) surrounded by the 95.4% surfaces
as computed from the distribution of (k1, k2, k3) obtained in the
bootstrap resampling procedure. The points derived in this paper
for gas rich dwarfs are all outside the confidence space. Also shown
are the points derived in Obreschkow & Glazebrook (2014), all of
which are well inside the 95.4% space.
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Figure 2. The β = 0 plane of relation 6 along with the 95.4% con-
fidence interval inferred from the distribution of (c1, c2, c3). Note
that the all the gas rich galaxies from this paper lie outside the
confidence band. Also plotted for comparison are the low bulge
fraction (β < 0.05) samples from Obreschkow & Glazebrook
(2014).
They measure the mass and angular momentum from the full
kinematics (as in this paper using eqn. (1) and eqn. (2)). The
details of fitting are slightly different - they used inclinations
derived in Leroy et al. (2008) and assumed a flat disk while
deriving the rotation curves from the velocity field whereas
this paper fits a model to the three dimensional data cube.
They calculated the bulge fraction by decomposing the stel-
lar disk into an exponential disk and bulge described by the
Sersic profile.
MNRAS 000, 1–7 (2015)
4 A. Chowdhury and J.N Chengalur
Galaxy M∗ Mgas Mb J∗ Jgas Jb jb
lgM⊙ lgM⊙ km/s pc lg km/s pc
DDO 154 7.16 8.64+0.07
−0.08 8.65
+0.06
−0.08 11.90 13.91
+0.09
−0.11 13.92
+0.09
−0.11 2.27
+0.08
−0.10
DDO 133 7.63 8.48+0.09
−0.12 8.54
+0.08
−0.10 12.70 13.54
+0.11
−0.15 13.60
+0.10
−0.13 2.06
+0.09
−0.11
NGC 3741 7.17 8.35+0.08
−0.10 8.37
+0.08
−0.10 10.75 13.49
+0.11
−0.15 13.49
+0.11
−0.15 2.11
+0.10
−0.13
UGCA 292 6.32 7.76+0.11
−0.14 7.78
+0.10
−0.13 10.87 12.08
+0.15
−0.23 12.10
+0.14
−0.21 1.33
+0.13
−0.19
AND IV 7.39 8.53+0.07
−0.09 8.56
+0.07
−0.08 11.87 13.72
+0.09
−0.11 13.73
+0.09
−0.11 2.17
+0.07
−0.09
Table 2. Summary of quantities derived in this paper. Listed above, for each galaxy, is the stellar mass (M∗), gas mass (Mgas), total
baryon mass (Mb); stellar angular momentum (J∗), gas angular momentum (Jgas) and total baryon angular momentum (Jb); and the
baryon specific angular momentum (jb) along with errors on them as computed using techniques described in section 3.1
They define an empirical relation between jb,Mb and β
given by the equation below.
β = k1 lg
[
Mb
1010M◦
]
+ k2 lg
[
jb
103 kpc km s−1
]
+ k3 (3)
The best fit values for the parameters in eqn. (3) are
given by Obreschkow & Glazebrook (2014) to be:
(k1, k2, k3) = (0.34± 0.03,−0.35± 0.04,−0.04± 0.02) (4)
4.2 Confidence Bands in the Relation
As mentioned above, we use as a reference, study of the 16
spiral galaxies by Obreschkow & Glazebrook (2014), where
a relation was derived between the the specific angular mo-
mentum, the mass and the bulge fraction. Our small gas rich
galaxies do not have any stellar bulge. As such we would pre-
fer to use the specific angular momentum jb rather than the
bulge fraction β as the independent variable in defining the
relation between these three parameters. For this reason, and
also in order to get an independent estimate of the errors in
the underlying relation, we re-derive the errors in eqn. (3)
using the data from Obreschkow & Glazebrook (2014) and
bootstrap resampling.
Bootstrap re-sampling involves drawing samples of the
dataset with replacement and then doing a chi-square mini-
mization of the drawn sample to determine (k1, k2, k3). The
above procedure was repeated ≈ 107 times to obtain the
distribution of each of the parameters. The most probable
parameters along with the marginalized 68% errors are:
(k1, k2, k3) = (0.33± 0.04,−0.35± 0.06,−0.03± 0.02) (5)
The parameters that we get are broadly consistent with
eqn. (4) and hence does not affect conclusions drawn about
the mean correlation. The bootstrap resampling procedure
however gives slightly larger errors than that estimated by
Obreschkow & Glazebrook (2014). For consistency we derive
the confidence band numerically using the complete distri-
bution of (k1, k2, k3) from the bootstrap re-sampling proce-
dure. The mean relation as defined by equation (3) and (5)
along with 95.4% confidence bands is shown in Fig. 1. Also
shown are the points derived in this paper from Table 3.1.
As mentioned above, all our gas rich dwarfs are bulge-
less, i.e β = 0, and it is hence more useful to change the
dependent variable in equation (3) to lg jb:
lg
[
jb
103 kpc km s−1
]
= c1 lg
[
Mb
1010M◦
]
+ c2β + c3 (6)
A similar bootstrap re-sampling with this as the fitting
function gives the best fit parameters as:
(c1, c2, c3) = (0.94± 0.05,−2.56± 0.24,−0.13 ± 0.04) (7)
The β = 0 plane, along with the 95.4% confidence band
derived from the distribution of (c1, c2, c3) is shown in Figure
2.
4.3 Location of the dwarfs in the j-M plane
From Fig. 2, it is evident that the gas rich dwarfs all lie
above the mean j-M-β relation. This is unlike the situa-
tion for very small bulge fraction (β < 0.05) spirals from
Obreschkow & Glazebrook (2014), all of which do lie on the
relation. Of even more significance is the fact that all of the
dwarfs lie outside the 95% confidence band. This is clearly
indicative of the fact that the angular momentum and mass
of these galaxies do not follow the same relation as that of
spirals. Our bootstrap resampling analysis also enables us
to give an estimate of the probability (Psimilar) that these
dwarf galaxy data-points are derived from the relation fol-
lowed by spirals. This is given by fraction of bootstrap in-
stances when the best fit plane intercepts all five of the data-
points within boxes defined by the errors in jb and Mb. The
fraction is Psimilar < 10
−6, indicating a negligible proba-
blity that the dwarf galaxies follow the same trend as the
spirals. In an recent independent analysis based on dwarfs
from the LITTLE THINGS sample Butler et al. (2017) come
to a similar conclusion.
5 INTERPRETATION
The j-M relation obtained by Romanowsky & Fall (2012)
was explained in their work using basic CDM models along
with tidal torquing in the early universe. Similar arguments
were also used by Obreschkow & Glazebrook (2014) to ex-
plain their relation. We review and build upon these argu-
ments and then interpret the result of the current work.
5.1 Origin of the j-M scaling
The asymmetric growth of perturbation in the primordial
universe lead to tidal torques acting between proto-galaxies
as they were collapsing to form early galaxies (Peebles 1969).
This process is thought to continue till turnaround. During
MNRAS 000, 1–7 (2015)
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this period angular momentum in proto-galaxies grows lin-
early with cosmic time and this leads to the origin of an-
gular momentum in dark matter halos. In such a scenario,
theory explicitly predicts the specific angular momentum of
the dark matter halo (jH) to be related to the mass of the
halo (MH) as (Shaya & Tully 1984):
jH = kMH
2/3 (8)
Where k is a constant that depends on the details of the
tidal torquing process.
The energy of a virialized halo (EH) at the current
epoch is given by:
|EH | = s
(
25H20G
2
8
)1/3
MH
5/3 (9)
where H0 is the present Hubble Constant and s depends on
the kind of halo profile, for a singular isothermal halo it is
unity and for a NFW profile it depends on the concentration
parameter c.
The mass dependences in eqn. (8) and (9) motivates
a dimensionless spin parameter, first introduced by Peebles
(1969), that does not depend on the final (post-torquing)
halo mass (MH) and angular momentum (JH) :
λ =
JH |EH |
1/2
GM
5/2
H
(10)
Using equations 8-10 we obtain :
k(λ) =
(
8
25
)1/3
s
H
2/3
0 G
−1/3
λ (11)
Thus given a cosmology, λ essentially captures the details of
the tidal torquing process and lets us evaluate k. And from
eqn. (10) the spin parameter (λ) should be scale invariant
and not depend on the mass of the galaxy. Indeed N-body
simulations show that λ of the dark matter halo follows a log-
normal distribution which is independent of mass and envi-
ronment (Bullock et al. 2001; Maccio` et al. 2007; Bett et al.
2007). This implies that the initial angular momentum of
the halo and its mass would follow eqn. (8) with the scatter
being dictated by the distribution of λ.
At early epochs we can expect the gas to be mixed with
dark matter and thus obtain the same specific angular mo-
mentum. This enables us to write a similar relation between
baryon angular momentum at that epoch (j0b ) and the mass
of the halo (MH):
j0b = jH = k(λ)MH
2/3 (12)
In the currently understood scenario, galaxies undergo
non-linear processes such as mergers, outflows etc as they
evolve. We note that eqn. (12) might not hold in cases
where the galaxy has undergone complex mergers or out-
flows resulting in a large fraction of dark matter and gas
that makes up the galaxy at the present epoch to have been
segregated in the protogalaxy stage (Liao et al. 2016). In
cases where the fraction of such segregation is small, the
change in baryon mass and baryon angular momentum by
these evolutionary processes can be parametrized by two
dimensionless quantities, the angular momentum retention
fraction : fj = jb/j
0
b and the baryon to dark matter fraction
: fb = Mb/MH . These definitions allow equation (12) to be
written as:
jb = fj f
−2/3
b k(λ) Mb
2/3 (13)
Note that both fj and fb may depend on the baryon
mass of the galaxy and thus alter the scaling relation. Thus
the observed difference between the scaling relations of dif-
ferent galaxy types will arise from the difference in the
quantity fjf
−2/3
b which in turn will depend on the complex
evolution history of galaxies. This is discussed further by
Romanowsky & Fall (2012) while explaining the difference
in spirals and ellipticals as seen on the j-M plane.
5.2 Explaining the Location of Dwarfs on the j-M
Plane
The significantly higher angular momentum content of gas
rich dwarf galaxies implies a higher value of < fjf
−2/3
b >
in eqn. (8). Thus compared to spirals, our sample of galax-
ies have either a lower baryon fraction or a higher angular
momentum retention fraction or a combination of both that
leads to an increase in the average value of fjf
−2/3
b . We dis-
cuss three possible mechanisms that can lead to the above.
• The baryon fraction fb of a galaxy as a function of its
halo mass is expected to decrease with halo mass (Gnedin
2000; Crain et al. 2007). This could be due to a variety of
reasons including escape of baryons from the shallow dwarf
potential wells during reheating and reionisation as well as
escape via supernovae feedback as discussed further below.
This implies a higher < fjf
−2/3
b > for our sample of low
baryon mass galaxies if we assume fj to be independent of
halo mass.
• Further, N-body simulations that incorporate baryon
feedback have shown that outflows driven by feedback
are biased towards removing low angular momentum ma-
terial leading to an enhancement of the specific angular
momentum content of the galaxy (Governato et al. 2010;
Guedes et al. 2011). Brook et al. (2011) did a high resolu-
tion, supernovae feedback incorporated, zoom simulation of
a dwarf galaxy and showed that supernovae driven outflows
effectively removes the low specific angular momentum gas
in the inner part of the halo. In dwarf galaxies which have
shallow potential wells, supernovae can be very efficient in
driving gas off the galactic disk. This explanation is further
supported by the work of van den Bosch et al. (2001) where
the authors looked at the specific angular momentum dis-
tribution in dwarfs and found a small fraction of baryons
to occupy the lower specific angular momentum end of this
distribution than predicted by hydrodynamic N-body simu-
lations. This hints at mechanisms at work for dwarf galaxies
which preferentially remove low specific angular momentum
material from the galactic disk.
• A key mechanism by which the angular momentum con-
tent of galaxies evolve is gas accretion. Keresˇ et al. (2005)
showed that two kinds of accretion operate in the galaxy
formation epoch - (i) ”Hot mode” where gas from filaments
shock heat to the halo’s virial temperature before collaps-
ing to the galaxy. (ii) ”Cold mode” where the gas falls into
the galaxy before reaching the virial temperature. They find
”Hot mode” accretion to be isotropic and ”Cold mode” to
be directed along filaments and hence anisotropic. In the
same work, the latter is shown to dominate in galaxies with
mass Mb < 10
10.3M⊙. A large number of numerical studies
have demonstrated the high specific angular momentum con-
tent of ”cold-mode” accreting gas (e.g Stewart et al. (2011);
MNRAS 000, 1–7 (2015)
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Kimm et al. (2011); Pichon et al. (2011); Danovich et al.
(2015)). Thus it is possible that the sample of gas rich galax-
ies studied in this paper had experienced dominating ”cold-
mode” accretion in the early stages of their evolution lead-
ing to a higher specific angular momentum content. Also,
much like cold mode accretion, wet mergers (particularly
with a satellite that was originally in a prograde orbit)
could lead to a disk with higher specific angular momen-
tum. One such interesting system has been recently found
where a dwarf galaxy disk appears to be forming out of
the merger of 3 smaller progenitors flowing along a filament
(Chengalur et al. 2016).
While with the existing data we cannot come to a firm
conclusion as to which (if either!) of these two mechanisms
is dominant, the fact that there exist plausible mechanisms
that would lead to a higher specific angular momentum in
dwarf galaxies is interesting.
6 CONCLUSIONS
In this paper we present the measurements of the angular
momentum content in dwarf galaxies using full HI kinemat-
ics. Our sample galaxies are gas dominated, which means
that the uncertainties in the stellar mass to light ratio do
not qualitatively affect our conclusions. The core finding of
work is that we find, to a very high level of significance that
the gas rich dwarf galaxies are not drawn from the same
j −M correlation as spiral galaxies. For a given mass, the
dwarfs have more baryon specific angular momentum than
predicted from the existing correlation between mass and
angular momentum in large galaxies. The larger specific an-
gular momentum contained in these galaxies can be due to
(i) the lower baryon fraction in these galaxies, or perhaps
more particularly the supernovae outflow driven removal of
low angular momentum gas, (ii) ”cold mode” accretion from
cosmic filaments or some combination of these two. These
findings, combined with existing observational studies (Fall
1983; Romanowsky & Fall 2012; Fall & Romanowsky 2013;
Obreschkow & Glazebrook 2014), reinforces the view that
the specific angular momentum is a useful metric in under-
standing galaxy evolution.
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APPENDIX A: A LOOK AT INDIVIDUAL
GALAXIES
In this section we show for each galaxy in our sample (a) The
mom 0 (total intensity) map, (b) The moment 1 (velocity
field) map - The contours on this map are spaced 10km/s
apart, (c) The surface density profile for both gas and stars,
(d) The rotation curve (e) The total angular momentum
within radius r as a function of r for both gas and stars (f)
The mass enclosed within radius r as a function of r for both
gas and stars . The description of how (a),(b),(c) & (d) were
obtained is given in section 3 and the same for (e) & (f) in
section 3.1.
This paper has been typeset from a TEX/LATEX file prepared by
the author.
MNRAS 000, 1–7 (2015)
8 A. Chowdhury and J.N Chengalur
 400 " -300 " -200 " -100 " 0 " 100 " 200 " 300 " 400 "
-400 "
-300 "
-200 "
-100 "
0 "
100 "
200 "
300 "
400 "
(a) Moment 0 (Total Intensity)
-400 " -300 " -200 " -100 " 0 " 100 " 200 " 300 " 400 "
-400 "
-300 "
-200 "
-100 "
0 "
100 "
200 "
300 "
400 "
(b) Moment 1 (Velocity Field)
0 2000 4000 6000 8000 10000 12000
r (pc)
0.0
0.2
0.4
0.6
0.8
1.0
J 
(1
0
1
4
M
⊙
 k
m
/s
 p
c
)
(e) Total Angular Momentum within Radius r
gas
star
0 2000 4000 6000 8000 10000 12000
r (pc)
0
2
4
6
8
S
u
rf
a
c
e
 M
a
s
s
 D
e
n
s
it
y
 (
M
⊙
p
c
−
2
)
(c) Surface Mass Density
gas
star
0 2000 4000 6000 8000 10000 12000
r (pc)
0
10
20
30
40
50
V
e
lo
c
it
y
 (
k
m
/s
)
(d) Rotation Curve
observed velocity
0 2000 4000 6000 8000 10000 12000
r (pc)
0
10
20
30
40
50
T
o
ta
l 
M
a
s
s
 (
1
0
7
M
⊙
)
(f) Total Mass Within Radius r
gas
star
Figure A1. Overview of measurements for galaxy DDO 154. For description of the plots see introductory comments in Appendix A. The
galaxy has a warp and its inclination varies between 50◦ to 70◦. The systematic velocity of the galaxy centre is 352.0 km/s. Note that
though there is an apparent drop in the rotation velocity at the outer edge, its consistent with a flat rotation curve within the errors.
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Figure A2. Overview of measurements for galaxy DDO 133. For description of the plots see introductory comments in Appendix A.
The galaxy has a low inclination of 29◦. The systematic velocity of the galaxy centre is 330.2 km/s.
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Figure A3. Overview of measurements for galaxy NGC 3741. For description of the plots see introductory comments in Appendix A.
The galaxy has a warp and its inclination varies between 65◦ to 75◦. The systematic velocity of the galaxy centre is 223.7 km/s.
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Figure A4. Overview of measurements for galaxy UGCA 292. For description of the plots see introductory comments in Appendix A.
The galaxy has a low inclination of 19◦. The systematic velocity of the galaxy centre is 282.4 km/s.
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Figure A5. Overview of measurements for galaxy Andromeda IV. For description of the plots see introductory comments in Appendix
A. The galaxy has an inclination of 55◦ with no visible sign of warps. The systematic velocity of the galaxy centre is 256.8 km/s.
MNRAS 000, 1–7 (2015)
